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(54) Method for reducing the effect of detergents upon germination and/or growth of micro- 
organisms 

(57) TTie present invention is related to a method for 
removing or reducing the effects of detergents upon 
germination and/or growth of a micrO'Organism present 
in a aqueous culture medium, characterised in that a 
sufficient amount of one or more enzyme(s) is added to 
said aqueous culture medium off said micro-organism. 
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Description 
Fij^ldgfthe tnvernlffn 

[0001 ] The present invention is related to a method for 
removing or reducing the effect of detergents upon ger- 
mination and/or growth of micro-organisms, which will 
allow the improving of industrial fermentation proc* 
esses, in particular treatment of specific polluted aque- 
ous effluents, based upon the use of said micro- 
organisms. 

Bacl<oround of the invention 

[0002] Detergents, comprising surfactant or a mixture 
of surfactants (anionic, cationic, amphoteric and/or non- 
ionic surfactants), have a variety of industrial uses and 
are common ingredients in laundry, household or per- 
sonal (e.g., shampoos and cosmetics) cleaning prod- 
ucts. 

[0003] Detergents comprising the surfactant linear 
alkylbenzene sulfonates (LAS) are the most widely 
used detergents in commerce today These compounds 
are discarded in wastewater and normally removed dur- 
ing sewage treatment. The i^S concentrations in efflu- 
ents from tdtchens, bath-and laundry-rooms vary 
between 35 and 125 mg.liter^ (Durand & Qdich^. 
1978). 

[0004] Many literature reports have been published 
about the potential inhibitory effects of surfactants 
present in detergents upon the growth of miao-organ- 
isnrts and results are often a matter of controversy. For 
instance. Kbnopl«a et al. (1996) mentioned that LAS- 
degrading microbes were inhibited at LAS concentra- 
tions of >40 mg.liter\ whereas Sigoillot and Nguyen 
(1992) reported on cultures enriched at LAS concentra- 
tions of up to 700 mg.liter^ 
[0005] The use of pure cultures or defined consortia 
of micro-organisms is a widespread technology for the 
treatment of specific polluted aqueous effluents. 
Amongst bacteria, strains belonging to the Pseu- 
domonas. Bacillus, Acinetobacter and Rhodococcus 
genera are frequently reported (Chitra et ai., 1996; 238si 
& Lyberatos. 1996; Russian Patent Application 
96441455.44; lliuta, 1997; French Patent Application 
FR-97154177.14). Fungi and microscopic algae have 
also many uses in this area (Feijoo et al., 1995; Travieso 
et al.. 1996; Pena et al.. 1996: Ahn et al.. 1996; Russian 
Patent Application RU-971 52804.14). 
[0006] The main applications include removal of 
heavy metals (MacasWe et al., 1997), degradation or 
precipitation of phenolic compounds (Borja et al., 1 995), 
treatment by precipitation of forest industry effluents 
(Jaspers & Penninckx, 1996 and International Patent 
Application PCT/BE93yD0014) as well as degradation of 
fats, oils and greases (Wakelin & Forster. 1997). 
[0007] The genus Bacillus includes a variety of indus- 
trially important species that are commonly used as 



hosts in the fermentation industry (Arbige et al., 1996). 
Different reasons make Bacillus one of the preferred 
micro-organisms for production by fermentation: most 
members of the genus are non-pathogenic, relatively 

5 easy to manipulate genetically, simple to cultivate and 
good secretors of enzymes (including proteases, amy- 
lases, celiulases and other degradative enzymes). 
Moreover, Bacillus spp. sporulate, a characteristic very 
useful for tiie conditioning and the tong-tenn cortserva- 

10 tion of a commercial product. 

[0008] The US patent US-4,940,539 describes 
devices for the treatment of waste water containing 
grease and foreigner materials treated by an aqueous 
composition containing a high amount of a mixture of 

IS enzymes (2500 protease units/ml, 200 amylase 
units/ml. 10 lipase units/ml and 5 ceitutase units /ml) 
and bacterial spores (50.10^ bacterial spores/ml), which 
act on the grease, fet and other materials in the waste 
water to provide a substantial reduction in total solids 

20 and an increase in soluble solids as well as a substan- 
tial reduction in the BOD level of the waste water. 
[0009] Similarly, the US patent US-5.468.375 
describes a device for removing or reducing the amount 
of solid matters on sludge in a household sewage 

2S before the waste water is introduced in a munidpal sew- 
age treatment system. In said device, high amounts of 
mixture of bacteria and enzymes are added in the waste 
water in a chamber where the sludge is digested. Said 
pre-treatment reduces the burden on the municipal sew- 

30 age treatment facility and reduces the risk on exceeding 
the capacity of the facility 

[001 0] The US patent US-4.237.003 desaibes a proc- 
ess for the biological purification of liquid waste by using 
high amounts of anaerobic bacteria in the presence of 

35 extracellular enzymes produced by gram positive bacte- 
ria and separating said gram positive bacteria and the 
intracellular enzymes contained therein. As compared 
to the current techniques, the anaerotMC process 
according to said method reduces the production of 

40 sludge and reduces the retention time. 

[0011] The international patent application 

W095/15924 describes that extracellular enzymes from 
bacillus subspecies in combination with fungal celiu- 
lases has been found to synergetically degrade cellu- 

45 lose. cart>ohydrates. fat and proteins in a sewage 
treatment, the composition comprising a bacillus sub- 
species culture and a fungal cellulase. 
[001 2] However, none of these documents describes 
or teach tiiat low amounts of enzymes can be used for 

so remo^ng or reducing ti^e effect of detergente preferably 
detergent comprising surfactant(s) upon tiie spores ger- 
mination or the growth of micro-organisms and there- 
fore ' improve tiie treatment of polluted aqueous 
effluents. 

55 

Aims of the invention 

[0013] The present invention aims to provide a 
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method for removing or reducing tlie effects of deter- 
gents upon germination and/or growth of micro-organ- 
isms, especially t)acterial strains, in an aqueous culture 
medium. 

[001 4] Another aim of the present invention is to pro- 
vide a method which does not need the use of expen- 
sive and toxic products or process^. 
[001 5] A further aim of the present invention is to pro- 
vide a method which will additionally improve the indus- 
trial fermentation process of said micro-organisms by 
removing or reducing the effects of said detergents, in 
particular in the treatment of specific polluted aqueous 
effluents which contain said detergents. 

Summary of the invention 

[0016] The present invention is related to a method 
wherein a sufficient amount of one or more enzyme(s) is 
added to the aqueous culture medium of a possibly 
genetically modified micro-organism for removing or 
reducing the effects of detergents, advantageously 
detergents comprising surfactants (which are preferably 
selected from the group consisting of anionic, cationic, 
amphoteric and/or non-ionic surfactants), upon germi- 
nation and/or growth of said micro-organism in said 
aqueous (culture) medium. 

[0017] Advantageously, said enzyme is selected from 
the group consisting of a protease, a celluiase, an 
aipha-amylase, a lipase or a mixture thereof. 
[0018] It is meant by an aqueous (culture) medium, 
any aqueous medium comprising the nutrients (such as 
cartoon, nitrogen arKi phosphor sources, mineral com- 
ponents like sodium, potassium. ...) which naturally 
allow the germination and/or growth of a micro-organ- 
ism present in said medium. 

[0019] According to the invention, said aqueous (cul- 
ture) medium is a waste water effluent (which is known 
to inhibit completely the micro-organism by the impor- 
tant percentage of detergent comprised in h). 
[0020] According to a preferred embodiment of the 
present invention, the possibly genetically modified 
micro-organism is a bacterial strain, preferably selected 
from the group consisting of the bacteria belonging to 
the pseudomonas, bacillus, actnetobacter and rhodo- 
coccus genera. 

[0021 ] According to another pref en-ed embodiment of 
the present invention, the micro-organism is selected 
from the group consisting of fungi (including yeasts) and 
microscopic algae. 

[0022] It is meant by "removing or reducing the effects 
of detergents'*, the capacity of the enzyme to allow 
and/or to Improve the germination and/or growth of a 
mfcro-organism in an aqueous culture medium contain- 
ing said detergents at a concentration which inhibits 
completely said germination and/or said growth, the 
capacity of said enzyme to reduce the lag period after 
which one can measure the increasing of the micro- 
organism density in said aqueous (culture) medium 



and/or the capacity of said enzyme to improve or accel- 
erate said growfli in an aqueous (culture) medium. 
[0023] A "sufficient amount of one or more enzyme(s)" 
means that the amount of the enzyme(s) is comprised 
5 between 1 and 5000 ^ig weight enzyme for an aqueous 
culture medium of 100 ml comprising between 0.001 
and 1000 ppm detergent (preferably comprising a sur- 
factant), advantageously between 10 and 500 iig weight 
enzyme for an aqueous culture medium of 100 ml com- 
10 prising between 0.1 and 500 ppm detergent (preferably 
comprising a surfactant), more preferably between 50 
and 400 hq weight enzyme for an aqueous culture 
medium of 100 ml comprising between 0,5 and 250 ppm 
detergent (preferably comprising a surfactant). Said 
15 amount is particularly low compared to the amounts 
usually used in the methods and devices of the state of 
tiieart. 

[0024] According to 8 prsfsrrcd cmbodlrrisnt of the 
present invention, the micro-organism is present in the 

20 aqueous culture medium in tiie form of a dormant spore 
and/or in the form of a vegetative dividing cell. 
[0025] The Inventors have discovered unexpectedly 
tiiat it is possible with the method according to tfie 
invention, to modulate tiie addition of enzyme according 

25 to the wild type of micro-organism, according to its form 
(dormant spore or vegetative dividing cell) and accord- 
ing to the detergent and the amount of detergent 
present In the aqueous culture medium (see enclosed 
figure 2). 

30 [0026] Advantageously, tiie amount of enzyme used in 
the method according to the invention may be lower 
when tfie micro-organism is present in the form of a 
vegetative dividing cell. 

[0027] The Inventors have also discovered unexpect- 
ss ediy that it is possible by the method according to the 
invention to improve easily and at low cost the industrial 
fermentation processes of micro-organisms upon spe- 
cific polluted aqueous effluents, because sakJ aqueous 
effluents may corr^ise natw a«y said micro-organism in 
40 the form of a dormant spore or in the form of a vegeta- 
tive dividing cell. 

[0028] Therefore, said miao-organisms will be able to 
germinate and/or will be allowed to grow and secrete 
new enzymes which will inaease the protective proper- 

45 ties against the Inhibitory effects of the detergent 

[0029] Therefore, the method according to the inven- 
tion will allow the improvement of the industrial fermen- 
tation processes by micro-organisms, especially the 
treatment of specific polluted aqueous effluents which 

50 comprise already said micro-organism, or the treatment 
of polluted aqueous effluents wherein micro-organisms 
(in the form or dormant spores or vegetative dividing 
cells) have been added in order to increase (accelerate) 
said fermentation process^. 

S5 [0030] In addition, the method according to tiie inven- 
tion can be combined with one or more treatment 
method(s) of spedfic polluted aqueous effluents well 
known by tiie person skilled in the art and already 
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describ d in the scientific literature. For instance, said 
method can be combined with methods for the removal 
of heavy metals, degradation of phenolic compounds, 
treatment of forest industry effluents, etc. 
[0031] According to a specific entoodiment of the 
present Invention, the enzyme is added in a sufficient 
amount to the solid or liquid detergent in the laundry, 
household or personal (shampoos, cosmetics, ...) 
cleaning solid or liquid products. 
[0032] Advantageously, said enzyme is kept "active" 
(by carriers or adjuvants) in said detergent during and 
after the cleaning process in order to maintain its "activ- 
ity" its reducing properties against the inhibitory effect of 
the surfactant(s) (present in the detergent) upon germi- 
nation and/or growth of the micro-organism present in 
its aqueous culture medium as described above. 
[0033] The present invention will be described in 
details in the following examples in reference to the 
drawings which are presented as a non-limiting illustra- 
tion of the present invention. 

Brief deficripiten of the drawings 
[0034] 

Rgure 1 represents time-course of bacterial growth 
of cultures inoculated with dormant spores 
(A) and vegetative cells (B) in the presence 
of varying concentrations of dodecyl ben- 
zene sulfonate. 

Figure 2 represents surfoctant concentrations 
resulting in complete inhibition of growth. 

Figure 3 represents bacterial count on waste water 
amended agar media, wherein the follow- 
ing waste water / distilled water ratios were 
used : 100:0 (medium A). 50:50 (medium 
B), and 10:90 (medium C), medium D cor- 
responding to Plate Count Agar medium. 

Figure 4 represents time-course of the soluble COD 
of waste water medium inoculated with 
spores of with a mixture of spores and 
hydrolases. 

Detailed de scription of the invention 

[0035] In order to develop a biotechnological process 
for urban wastewater treatment, the Inventors have cur- 
rently studied the potentialities of different strains of 

Bacillus. 

[0036] They have discovered unexpectedly that it is 
possible to reduce the inhibitory effect of anionic, cati- 
onic, amphoteric and non-Ionic surfactants upon germi- 
nation and growtti of a mixture of Bacillus strains. 
[0037] The behaviour of this consortium in liquid and 
agar-solidified media prepared with domestic wastewa- 
ter and containing surfoctants is also reported. 



Materials and methods 

Strglng 

5 [0038] The bacterial consortium used for tilts study 
contained different strains of Badllus, 

Enzymes 

10 [0039] The commercial enzymes used in this work 
were a Bacillus subtilis proteinase, a cellulase, an a- 
amylase and a lipase. Product specifications are given 
by tine R6alco Company (Louvain-la-Neuve, Belgium). 

IS Syrf^irt^rit^ 

[0040] The following commercial surfactants were 
tested: Protectol KLC 80, Plurafac LF 400, Lutensol TO 
89 and Lutensol QD 50 (obtained from BASF. Lxjdwig- 
20 shafen, Germany). Ellapur N 90, Elfan NS 242 and 
dodecyl benzene sulfonate (obtained from Akzo 
Chemie. DOren, Germany) and Betaine AAB (obtained 
from Mosselman. Bruxelles, Belgium). 

2S Media and cu lture conditions 

[0041] The synthetic liquid media used for tiie deter- 
mination of the inhibitory tiiresholds were prepared as 
described by Leitch and Collier (1996). 

30 [0042] The sample of domestic wastewater was taken 
at Braine-rAlleud (Belgium) at the end of a pipe over- 
hanging ttie ( <L6g6re Eau > ) brook. After sterilisation by 
autoclaving. the following parameters were determined: 
total COD = 820mg 02.liter"'': soluble COD = SSOmg 

35 02.liter^;pH = 7.2. 

[0043] Casaminoacids, Bacto Agar and Plate Count 
Agar were obtained from Difco (Detroit, Ml, USA). 
[0044] Liquid cultures were performed at room tem- 
perature (20±rC) using 250 ml conical flasks which 

40 contained 1 25 ml of medium, the orbital agitation being 
f ixed at 150 rpm. 

[0045] The bacterial biomass time-course was moni- 
tored via turbidity measurements (O.D. at 600 nm). 

45 Chemical Oxy gen Demand f COD^ 

[0046] The Chemical Oxygen Demand (COD) was 
determined using the NBN-T91-201 norm. 

so Non-Ionic surfactant con centration 

[0047] The non-Ionic surfactant concentration was 
determined colorimetrically as descn'bed by Rodier 
(1978). Elfapur N 90 (nonylphe-nol) was used to pre- 
ss pare the standard curve. A concentration of 3.2 (±0.4) 
ppm was obtained for the sample of wastewater exam- 
ined. 
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Results 

The inhibitory effect of surf actants upon germination 
and growth. 

5 

[0048] Seven widely used surfactants including ani* 
onic (A-), cationic (C+). amphoteric (AO) and non-ionic 
(Nl) compounds were tested. The Leitch and Cdiler 
media containing surfactant concentrations ranging 
from 0 to 200 ppm were inoculated with either vegeta- w 
tive cells or dormant spores. 
[0049] The Figures 1 show the time-course of the 
bacterial biomass in the presence of dodecyt benzene 
sulfonate. For cultures started through inoculation of 
spores, the presence of 1 ppm surfactant was sufficient is 
to increase the lag period by about 4 hours whereas a 
concentration of 10 ppm was responsible for a complete 
inhibition of growth, at least during the first 50 hours of 
incubation (Rgure 1A). When vegetative cells were 
used for the inoculation, the inhibitory effect was largely 20 
reduced: the lowest surfectant concentration produced 
no significant effect whereas the largest one increased 
the lag period by only about 1 0 hours (Rgure 1 B). 
[0050] The surfactant concentrations producing a 
complete inhibition of growth (no growth during the first zs 
50 hours of Incubation) were determined for the seven 
compounds studied and values corresponding to inocu- 
lation with either vegetative cells or spores were com- 
pared (Rgure 2). With the exception of LiJtensol GD 50, 
a non-ionic surfactant which exhibited no inhibitory 30 
effect, all the tested compounds inhibited the germina- 
tion of the spores and the subsequent growth at sur- 
factant concentrations ranging from 1 to 50 ppm. When 
media were inoculated with vegetative cells, a signifi- 
cant increase of the inhibitory threshold was observed 3S 
for all surfactants tested. 

Growth on waste water am ended aoar media 

[0051] Different agar-solidified media were prepared 4o 
using waste water and distilled water in the following 
ratios : 100:0 (medium A), 50:50 (medium B) and 10:90 
(medium C). 

[0052] All the media contained 2 g of casaminoadds. 
2 g of glucose and 15 g of Bacto Agar per liter. Each 45 
batch of petri dishes was seeded with an appropriate 
volume of a suspension of spores or of a diluted sus- 
pension of vegetative cells so as to have 100 cfu per 
plate. 

[0053] The Rgure 3 gives the number of colonies so 
enumerated after a 24 hour incubation at 37 ''C. The 
results are expressed as percentage of the number of 
colonies developed on Plate Count Agar medium 
(medium D) inoculated and incubated in the same con- 
ditions. 55 
[0054] For media containing non-diluted waste water 
(medium A), a complete inhibition of growth was 
observed irrespective of the nature of the inoculum. 



This inhibition was largely reduced for medium B pre- 
pared with vegetative cells only No significant differ- 
ence was observed between spores and vegetative 
cells for the most diluted medium (medium C). 

Addition Qfhydrolqg^ 

[0055] Liquid wastewater media (125 ml of sterile 
wastewater in 250 ml conical flasks) were inoculated 
with 5.10® spores or with a nwxture of the same amount 
of spores plus neutral subtilisin (390 ^g), cellulase (1 15 
UQ), a-amylase (235 ^xg) and lipase (155 \ig). The solu- 
ble COD of the media was determined as a function of 
time (Rgure 4). No significant change was observed 
when the inoculum contained only spores. The addi- 
tional presence of hydrolases was responsible for the 
appearance, after a lag period of 18 hours, of a bell- 
shapsd time-course of the sciLfeis CGD. ThG nunijer of 
viable cells after 60 hours of incubation at room temper- 
ature was determined by enumerating colonies on Plate 
Count Agar media. Values of 5.10® and 6.10^ cfu per 
125 ml were obtained for the media inoculated with 
spores and with the mixture of spores and hydrolases, 
respectively. These results indicate that the additional 
presence oif hydrolases in the medium allowed the initial 
solubilisation of the insoluble organic matter (reflected 
by an increase of the soluble COD) followed by its con- 
sumption by the growing cells (reflected by a dearease 
of the soluble COD and by an increase of the bacterial 
density). 

[0056] With the exception of Lutensol GD 50, a non- 
ionic surfactant which exhibited no inhibitory effect, all 
the other tested compounds inhibited spore germination 
and tine subsequent growth of the Bacillus strains at 
surfactant concentrations ranging from 1 to 50 ppm, I.e., 
concentrations close to tiiose reported tor domestic 
wastewaters. Germination appeared to be more 
affected than cell growth by ttie presence of surfectants. 
the inhibitory thresholds being largely increased when 
inoculation was done witii vegetative cells. 
[0057] The bacterial spedes forming the consortium 
used for this study were incapable of growing on non- 
diluted wastewater agar media. The presence of sur- 
factants was probably tiie main reason for this inhibition 
since, as observed previously for the determination of 
inhibition thresholds for ttie different surfactants tested, 
vegetative cells were less sensitive to this inhibition than 
spores. 

[0058] A complete absence of growth was also 
observed when the liquid wastewater medium was inoc- 
ulated with spores. Under the experimental conditions 
described, the integrity of spores appears to be fully 
conserved since the nunrtf>er of viable cells enumerated 
after a 60-hour incubation was exactiy the same as the 
number of spores initially present. 
[0059] The fact that the addition of hydrolases in the 
wastewater medium allowed spore germination and 
subs^uent growtii constitutes the most remarkable 
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observed result. This unexpected effect may be due to 
(i) a peptidase-catalysed activation of spore germina- 
tion and/or (ii) a much easier assimilation of the organic 
matter by the cells resulting from the hydrolytic action of 
the added enzymes which cut macromoiecules (e.g. 
proteins, polysaccharides, triglycerides) into shorter 
molecules (e.g. aminoacids. glucose, glycerol, fatty 
acids). 

[0060] However, additional experiments should be 
done in order to conf irm said theoretic mechanism. 
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Claims 

5 1. Method for removing or reducing the effects of 
detergents upon germination and/or growth of a 
micro-organism present in an aqueous culture 
medium, characterised in that a sufficient amount of 
one or more enzyme(s) is added to said aqueous 

10 culture medium of said micro-organism. 

2. Method according to claim 1. characterised in that 
said enzyme is selected from the group consisting 
of proteases, cellulases, alpha-amylases. lipases or 

IS a mixture thereof. 

3. Method according to claim 1 or 2, characterised in 
that the detergent comprises a surfactant which is 
preferably selected from the group consisting of the 

20 anionic, cationic. amphoteric and/or non-ionic sur- 
factants. 

4. Method according to any of the preceding claims, 
wherein the aqueous culture medium is a waste 

25 water effluent. 

5. Method according to any of the preceding claims, 
characterised in that the micro-organism is a bacte- 
rial strain. 

30 

6. Method according to claim 5, characterised In that 
the bacterial strain is selected from the group con- 
sisting of the strains belonging to the pseu- 
domonas, bacillus, aclnetobacter and rhodococcus 

35 genera. 

7. Method according to any of the claims 1 to 4. char- 
acterised in that the micro-organism is selected 
from the group consisting of fungi and microscopic 

40 algae. 

8. Method according to any of the preceding claims, 
characterised in that the micro-organism is a dor- 
mant spore. 

45 

9. Method according to any of the claims 1 to 7, char- 
acterised in that the micro-organism is a vegetative 
dividing cell. 

50 10. Method according to any of the preceding claims, 
characterised in that the amount of added enzyme 
is comprised between 1 and 5000 pg weight for 100 
ml aqueous culture medium comprising between 
0,001 and 1000 ppm detergent 

55 
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